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PATENT APPLICATION 
REFLECTIVE OR SEMI-REFLECTIVE METAL ALLOY COATINGS 

This application claims the benefit of the filing of U.S. Provisional Patent Application 
Serial No. 60/394.587, entitled "Metal Alloys with Reflective or Semi-Reflective Layers", filed on 
July 8. 2002, and the specification thereof is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
Field of the Invention (Technical Field^ : 

The present invention relates to silver-based alloy compositions for use as reflective or 
semi-reflective layers or coatings for use in optical data storage media, low emissivity glass, 
transparent conductive displays, electro-chromic mirrors, or other reflective or semi-reflective 
applications. 

Background Art : 

Note that the following discussion refers to a number of publications by author(s) and 
year of publication, and that due to recent publication dates certain publications are not to be 
considered as prior art vis-di-vis the present invention. Discussion of such publications herein 
is given for more complete background and is not to be construed as an admission that such 
publications are prior art for patentability determination purposes. Each of the publications is 
incorporated herein by reference. 

There are several specialty applications in the industry that require reflective or semi- 
reflective coatings or layers. These include optical storage media, low emissivity glass, 
transparent conductive displays, and electro-chromic minrors. The present invention provides 
useful alloy coating compositions for such applications. 

Optical discs are commonly used for recording data, video, audio, etc. The discs are 
usually constructed in four layers (conventional, prerecorded, optical discs). The first layer is 
typically constructed from optical grade, polycarbonate resin, and manufactured by techniques 
well-known in the art, usually by injection or compression molding the resin into a disc. The 
surface of such a disc is molded or stamped with precisely located pits and lands having a 
predetermined size which store information on the disc. 
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After stamping (or molding), an optically reflective layer is disposed on the information 
pits and lands, which is usually between about 40 to about 100 nanometers (nm) thick. 
Deposition techniques such as sputtering or thermal evaporation are well-known in the art. 
Kirk-Othmer, Encyclopedia of Chemical Technology, 3'** ed. Vol. 10, pp. 247 to 283. gives a 
detailed explanation of deposition techniques such as sputtering, thermal evaporation, flow 
discharge, ion plating, and chemical vapor deposition. 

Next, a solvent-based or a UV (ultraviolet) curing-type resin is applied over the reflective 
layer . This third layer protects the reflective layer from handling and the ambient environment. 
An optional label identifies the particular information that is stored on the disc, and sometimes, 
may include artwork. 

The information pits, found between the polycarbonate resin and the reflective layer 
usually form a continuous spiral. The spiral typically begins at an inside radius and ends at an 
outside radius. The distance between any 2 spirals is called the "track pitch" and is usually 
about 1 .6 microns. The length of a pit or land is from about 0.9 to about 3.3 microns. (All of 
these specifications were first proposed by Philips NV of Holland and Sony of Japan as 
standards for the industry.) 

Reading of the disc is accomplished by pointing a laser beam through the optical grade 
polycarbonate and onto the reflective layer with sufficiently small resolution to focus on the 
information pits. The pits have a depth of about Va of the wavelength of the laser light, which 
has a wavelength in the range of about 780 to 820 nanometers. Destructive (dark) or 
constructive (bright) interference of the laser light is then produced as the laser travels along 
the spiral track, focusing on an alternating stream of pits and lands In its path. 

This change of light intensity from dark to bright or from bright to dark fonns the basis of 
a digital data stream of one's and zeros. When there is no light intensity change in a fixed time 
interval, the digital signal is "0," and when there is a light intensity change from either dark to 
bright or bright to dark, the digital signal is "1." The continuous stream of ones and zeros is 
then electronically decoded into a meaningful format, such as music. 

As a result, it is important to have a highly reflective coating on the disc to reflect the 
laser light from the disc and onto a detector in order to read the presence of an intensity 
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change. Typically, a reflective layer is copper, silver, aluminum, or gold, all of which have a 
high optical reflectivity of generally more than 80 percent. Aluminum and aluminum alloys are 
most commonly used given their easy placement onto a polycarbonate disc, lower cost, and 
corrosion resistance. 

Organic dye is the key to a CD-R disc. The dye is made from solvent and organic 
compounds from the cyanine. phthalocyanine or azo family. It is normally applied by spin 
coating onto the disc. A reflective layer is then applied over the dye. Because the dye may 
contain halogen ions or other chemicals that can corrode the reflective layer, many commonly 
used reflective layer materials (e.g., aluminum) may not be suitable for use on a CD-R disc. As 
a result, gold is often used as the reflective layer; however it is a very expensive solution. 

Another type of optical disc is a prerecorded digital video disc, "DVD." This disc is 
comprised of two halves, each made of polycarbonate resin and coated with a reflective layer, 
as described above. The halves are then bonded with a UV curing resin or a hot melt adhesive 
to form the whole disc. The disc can then be played from both sides. The size of a DVD is 
about the same as a CD, but the infonnation density is higher, having a track pitch of about 0.7 
micron with the length of the pits and lands from approximately 0.3 to 1 .4 microns. 

One variation of the DVD family of discs is the DVD-dual layer disc which has two 
information layers. On this disc, the highly reflectivity layer is usually the same as others, but a 
second layer is only semi-reflective with a reflectivity in the range of approximately 18 to 30 
percent. This second layer must also allow a substantial amount of light to pass through, so 
that the laser beam can reach the highly reflective layer underneath and then reflect back 
through the semi-reflective layer to the signal detector. 

Details regarding the manufacture and construction of DVD discs can be found in U.S. 
Patent No. 5,640,382. entitled "Dual Layer Optical Medium Having Partially Reflecting Metal 
Alloy Layer," to Florezak et al.. issued June 17, 1997. 

Additional manufacturing and operating details of an optically readable storage system 
can be found in U.S. Patent Nos. 4,998,239, entitled "Optical Information Recording Medium 
Containing a Metal Allow as a Reflective Material," to Strandjord et al., issued March 5. 1991 
and 4,709,363, entitled "Optically Readable Information Disc Having a Reflection layer Formed 
From a Metal Alloy,' to Dirks et al., issued November 24. 1987. 
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Another disc in the compact disc family that has become popular is the recordable 
compact disc or "CD-R." This disc is similar to the CD described earlier, with a few minor 
changes. The recordable compact disc begins with a continuous spiral groove instead of a 
continuous spiral of pits and has a layer of organic dye between the polycarbonate substrate 
and the reflective layer. The disc is recorded by periodically focusing a laser beam into the 
grooves as the laser travels along the spiral track. The laser heats the dye to a high 
temperature, which in turn places pits in the groove that coincide with an input data stream of 
ones and zeros by periodically deforming and decomposing the dye. Additional details can be 
found in U.S. Patent Nos. 5,325,351, entitled "Optical Recording Medium Having a Reflective 
Layer Made of Cu-Ag or Cu-Au Alloy," to Uchiyama et aL, issued June 28, 1994; 5,391,462 
issued February 21, 1995, 5,414,914 issued May 16, 1995 and 5,419,939 Issued May 39. 
1995, entitled "Optical Recording Disk," to Arioka et al.; and 5,620,767, entitled "Light 
Reflecting and Heat Dissipating Material and Optical Information Recording Medium Using the 
Same," to Harigaya et al., issued April 15, 1997. 

The typical choice of a semi-reflective layer is gold or silicon in the thickness range of 5 
to 70 nanometers, as discussed in U.S. Patent No. 5,171,392, to Lida et al. Gold, when 
sufficiently thin, will both reflect and transmit light, has outstanding corrosion resistance, is 
relatively easy to sputter into a coating of uniform thickness, and is more expensive than other 
metals. Silicon is a reasonable alternative to gold, but because it is a semiconductor, its 
sputtering yield and sputtering rate is significantly lower than gold. Silicon also has a tendency 
to react with oxygen and nitrogen during sputtering. Nevertheless, silicon is useful as an 
optional component in the alloy of the present invention. 

Generally, for aesthetic reasons, a gold or copper based alloy is used to offer the 
consumer a "gold" colored disc. Although gold naturally offers this rich color and satisfies all 
the functional requirements of a highly reflective layer, it is more expensive than aluminum. 
Examples of patents disclosing such gold alloys are: U.S. Patent No. 5,093,174, entitled 
"Optical Recording Medium," to Suzuki et al., issued March 3, 1992, which discloses a metal 
reflecting layer of an aluminum or silver alloy containing gold for optical recording media; U.S. 
Patent No. 6,292,457 B1. entitled "Recordable Optical Media With A Silver-Gold Reflective 
Layer," to Preuss et al., issued September 18, 2001, which discloses an optical recording 
media having a transparent substrate and a reflective layer containing gold; U.S. Patent Nos. 
6.007,889, issued December 28. 1998; 6,280,881, issued August 28, 2001; 6.541,402, issued 
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September 17. 2002; and 6,544.616 issued April 8. 2003; and U.S. Patent Application 
NOS.US2002/0034603 filed April 13. 2001 and US2002/01 2291 3 filed September 5. 2002, 
entitled "Metal Alloys for the Reflective or Semi-Reflective Layer of An Optical Storage 
Medium," to Nee, which disclose a silver-based or copper-based alloy thin film for a coating 
layer for optical discs. The Nee additions to the silver alloy are gold, palladium, copper, 
rhodium, ruthenium, osmium, iridium, platinum, zinc, aluminum, zinc plus aluminum, 
manganese, and germanium. The Nee additions to the copper alloy are manganese, silver, 
cadmium, gold, magnesium, aluminum, beryllium, zirconium and nickel. These patents and 
applications do not disclose the alloy coatings of the present invention. 

Other expensive materials, such as palladium have also been used in the art to produce 
optical storage media, such as disclosed in: U.S. Patent No. 6,228,457 B1, entitled "Optical 
Data Storage Medium," to Ueno et al.. issued May 8, 2001 , which discloses an optical data 
storage medium with a silver-palladium-copper alloy or silver-palladium-titanium alloy; and U.S. 
Patent No. 6,242,068. entitled "Recordable Optical Media with a Silver-Palladium Reflective 
Layer," to Preuss, issued June 3, 2001, which discloses a reflective layer made of silver and 
palladium. The patents do not disclose the alloy coatings of the present invention. 

A copper-based alloy that contains aluminum, zinc or tin is sometimes used to produce 
a "gold" looking layer. However, alloys of copper corrode more easily than aluminum. 

U.S. Patent No. 6,351.446, issued February 26, 2003 and U.S. Patent Application No. 
US2002/0054973, filed November 26. 2001. entitled "Optical Data Storage Disk." to Weinzerl, 
disclose an optical data storage disk with at least two interfaces. The inner layer is the 
reflection layer and the other layer is a partially reflecting/partially transmitting layer. The inner 
layer is made of one type of alloy and the other layer is made of another alloy. The Weinzerl 
patent and application do not disclose the alloy coatings of the present invention. 

Several silver-based alloys have been developed to improve tarnish resistance in 
multi-layer stacks. Although silver-based alloys are commonly used in the casting industry 
(e.g. for jewelry making), they have not heretofore been utilized as reflective or semi-reflective 
coatings for specialty applications, such as optical storage media, low emissivity glass, 
transparent conductive displays, and electro-chromic mirrors. As indicated above, these silver- 
based alloys have typically included gold or palladium, very expensive components. These 
alloys traditionally have had 80% to 95% silver and employed gold or platinum group metals as 
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alloying elements to stabilize the properties of the silver when exposed to moisture or mildly 
acidic environments. 

The present invention is a new, lower cost alloy coating, specifically useful for optical 
storage media, low emissivity glass, transparent conductive displays, and electro-chromic 
mirrors that represents a favorable balance between cost and performance. The preferred 
alloy of the present invention Is more complex than the standard binary or ternary alloys 
presently known in the art. however, it can be produced using readily available production 
equipment. 

BRIEF SUMMARY OF THE INVENTION 

The present invention relates to a reflective (including highly reflective) or semi- 
reflective coating for optical storage media, low emissivity glass, transparent conductive 
displays, electro-chromic mirrors, and other reflective or semi-reflective coating applications. 
The preferred alloy coating comprises silver, copper and/or zinc and may have silicon and/or 
tin. or any combination thereof. 

The preferred alloy coating is made of between approximately 45% by weight and 
approximately-99.9% by weight of silver, between approximately 0.01 % by weight and 
approximately 55% by weight copper, between approximately 0.01% by weight and 
approximately 55% by weight zinc, between approximately 0.01% by weight and approximately 
30% by weight tin, and between approximately 0.01% by weight and approximately 30% by 
weight silicon. More preferably, the alloy coating comprises between approximately 55% by 
weight and approximately 95% by weight silver, between approximately 0.01 % by weight and 
approximately 10% by weight copper, between approximately 0.01% by weight and 
approximately 1 0% by weight zinc, between approximately 0.01 % by weight and approximately 
10% by weight tin, and between approximately 0.01% by weight and approximately 10% by 
weight silicon. Most preferably, the composition of the alloy coating comprises between 
approximately 90% by weight and approximately 95% by weight silver, between approximately 
0,25% by weight and approximately 5% by weight copper, between approximately 0.25% by 
weight and approximately 5% by weight zinc, between approximately 0.01% by weight and 
approximately 2% by weight tin, and between approximately 0.01% by weight and 
approximately 1% by weight silicon. 
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The present invention also relates to a method for physical deposition of the reflective 
or semi-reflective alloy coating, onto a substrate. This method comprises providing a coating 
alloy comprising silver, zinc and copper and/or silicon and/or tin; and physically depositing the 
coating on the substrate. The method of physically depositing utilizes at least one known 
deposition technique including, but not limited to. sputtering, thermal evaporation, physical 
vapor deposition, electrolytic plating, and electroless plating. 

A primary object of the present invention is to provide a silver-based alloy that is readily 
available in the purities required and provides technical benefits in passivation or inertness to 
the operating environment. 

A primary advantage of the present invention is improved performance, lower cost, 
ease in manufacturing, and increased flexibility in application of reflective and semi-reflective 
coatings for specialty applications, such as optical storage media, low emissivity glass, 
transparent conductive displays, and electro-chromic mirrors. 

Another advantage is that the alloy coatings of the present invention is suitable for both 
fully reflective and semi-transparent layers. 

Other objects, advantages and novel features, and further scope of applicability of the 
present invention will be set forth in part in the detailed description to follow, and in part will 
become apparent to those skilled in the art upon examination of the following, or may be 
learned by practice of the invention. The objects and advantages of the invention may be 
realized and attained by means of the instrumentalities and combinations particularly pointed 
out in the appended claims. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(BEST MODES FOR CARRYING OUT THE INVENTIONS 

The present invention comprises a silver-based alloy thin film or coating for use in a 
reflective, highly reflective, or semi-reflective application, including optical storage media, low 
emissivity glass, transparent conductive displays, and electro-chromic mirrors (e.g. 
architectural glass, automotive glass, mirrors, display, electrochromics. and the like). The alloy 
coating of the present invention preferably additionally comprises silicon and/or tin. and further 
preferably comprises copper and/or zinc. The silver-based alloys of the Invention have 
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moderate to high reflectivity properties and are reasonably corrosion-resistant In a typical 
ambient environment. The term "reflective," as used throughout the specification and claims, is 
intended to include both reflective and highly reflective properties. The coatings may be a 
single layer or multiple layers. 

In a preferred embodiment of the present invention, silver is alloyed with zinc or copper, 
and may have tin and/or silicon in any and all combinations. The alloy coating preferably 
comprises between approximately 45% by weight and approximately 99.9% by weight silver, 
between approximately 0.01% by weight and approximately 55.0% by weight copper, between 
approximately 0.01% by weight and approximately 55.0% by weight zinc, between 
approximately 0.01% by weight and approximately 30.0% by weight tin. and between 
approximately 0.01 % by weight and approximately 30.0% by weight silicon. More preferably, 
the alloy comprises between 55% by weight and approximately 95% by weight silver, between 
approximately 0.01% by weight and approximately 10.0% by weight copper, between 
approximately 0.01% by weight and approximately 10.0% by weight zinc, between 
approximately 0.01 % by weight and approximately 1 0.0% by weight tin, and between 
approximately 0.01% by weight and approximately 10.0% by weight silicon. Most preferably, 
however, the alloy comprises between approximately 90% by weight and approximately 95% 
by weight silver, between approximately 0.25% by weight and approximately 5% by weight 
copper, between approximately 0.25% by weight and approximately 5% by weight zinc, 
between approximately 0.01% by weight and approximately 1% by weight silicon, and between 
approximately 0.01% by weight and approximately 2% by weight tin. 

The above-described embodiments may be further modified by adding any other 
suitable material(s) having an intrinsic reflectivity of approximately greater than 80 percent. 

Having presented the preceding compositions for the starting materials, it is important to 
recognize that both the manufacturing process of the sputtering target and the process to 
deposit the target into a thin film play Important roles in determining the final properties of the 
film. 

The alloy of the present invention can be produced using traditional casting/rolling and 
annealing techniques using current equipment. 
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The following is a description of the manufacture of optical discs or targets upon which 
the alloy coatings of the present invention are disposed. In general, vacuum melting and 
casting of the substrate or target material or alloys or melting and casting under protective 
atmosphere, are preferred to minimize the introduction of other unwanted impurities. 

Aften/vards, the as-cast Ingot should undergo a cold working process to break down the 
segregation and the nonuniform as-cast microstructure. One preferred method is cold forging 
or cold uniaxial compression with more than 50 percent of size reduction, followed by 
annealing to recrystallize the deformed material into fine equi-axed grain structure with a 
preferred texture of <1 ,1 ,0> orientation. This texture promotes directional sputtering in a 
sputtering apparatus so that more of the atoms from the sputtering target are deposited onto 
the disc substrates for more efficient use of the target material. 

Alternatively, a cold multi-directional rolling process of more than 50 percent size 
reduction can be employed, followed by annealing to promote a random oriented 
microstructure in the target and finally by machining to the final shape and size suitable for a 
given sputtering apparatus. This target with random crystal orientation leads to a more random 
ejection of atoms from the target during sputtering and a more uniform thickness distribution in 
the disc substrate. 

Depending on different discs' optical and other system requirements, either a cold 
forging or a cold multi-directional rolling process can be employed in the target manufacturing 
process to optimize the optical and other perfomiance requirements of the thin film for a given 
application. 

Sputtering, thermal evaporation or physical vapor deposition, and possibly electrolytic or 
electroless plating processes are useful in accordance with the present invention. Depending 
on the method of application, the alloy thin film's reflectivity can vary. Any application method 
that adds impurities to or changes the surface morphology of the thin film layer on the disc can 
lower the reflectivity of the layer. The reflectivity of the thin film layer on the optical disc is 
primarily determined by the starting material of the sputtering target, evaporation source 
material, or the purity and composition of the electrolytic and electroless plating chemicals. 
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The reflective layer of the coating of the present invention can also be used for optical 
discs that use a reading laser of a shorter wavelength, for example, when the reading laser's 
wavelength is shorter than 650 nanometers. 

If the reflective film is reduced to a thickness of approximately 5 to 20 nanometers, a 
semi-reflective film layer can be formed from the alloy coatings of the present invention that 
have sufficient light transmittance for use in DVD dual-layer applications. 

The alloy coatings of the present invention are particularly useful as a semi-transparent 
layer. The reflectivity approaches gold in the infrared spectrum making the alloy of the present 
invention suitable for replacement as gold (but at a lower cost), as a replacement for silver 
alloys (but with improved corrosion resistance), and as a replacement for indium tin oxide (due 
to improved sputter rate), in the visible spectrum, the alloy of the present invention is useful as 
a replacement for gold and higher cost silver alloys (due to a lower cost). The chemical 
stability, and high reflectivity are comparable, and cost effectiveness is superior to prior art 
alloys that utilize higher cost materials and/or processes (e.g. use of an additional "overcoat" 
layer to protect the silver). 

The preferred alloy coating of the present invention has a uniform fine grain, preferably 
< 50 microns. 

Industrial Applicabilitv : 

The invention is further illustrated by the following non-limiting examples. 

Example 1 

An alloy coating for an optical disc media was made having the composition: 92.70% 
silver, 4.50% copper, 2.15% zinc, 0.50% tin, and 0.15% silicon. This alloy coating was found 
to have superior reflective and semi-reflective qualities over other alloys, at a lower cost. 

Example 2 

The above described alloy coating was compared in sputter tests, reflectance, and 
resistivity against existing alloys. 
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Optical Properties - Reflectivity 

The principle application of the alloy of the present invention is useful as a replacement 
for silver and/or gold and their alloys in visible or infrared reflecting thin films. Therefore the 
focus was to compare the reflectivity against these materials. Table 1 shows the reflectivity 
properties of the alloys tested against both silver and gold standards. The sputtering tests 
were carried out on standard quartz medical slides and on web plastic. The coatings were 
made in a 27" wide web coater using a 10 kW power supply. The slides were placed upon the 
cooling drum and sputtered in a static position. Reflectivity in the ultraviolet, visible and near 
infrared ranges was measured with a spectrophotometer. Far infrared testing was conducted 
using a infrared spectrophotometer. All measurements made were in reference to aluminum 
standards. 
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Table 1. Comparison of Reflectivity 



Percent - 
Compared to 
Aluminum 
Wavelength 
(nm) 


Alloy of 
the 

Present 
Invention 


99.95% 
Pure Ag 


99.95% 

Pure 

Au 


85%Ag- 
15% Au 


93%Ag- 
7%Pd 


304 


9.94 


10 


42 


_ 


_ 


404 


80 


105 


42 


96 


93 


504 


97 


108 


64 


104 


101 


604 


102 


110 


102 


107 


106 


704 


107 


112 


109 


110 


111 


804 


114 


117 


116 


115 


117 


904 


107 


110 


110 


106 


108 


1004 


103 


106 


104 


102 


104 


1104 


102 


104 


103 


101 


103 


1204 


101 


103 


102 


100 


102 


1304 


101 


103 


102 


100 


102 


1404 


101 


102 


101 


99 


102 


1504 


100 


102 


101 


99 


102 


1604 


100 


102 


101 


99 


102 


1704 


100 


102 


101 


99 


101 


1804 


100 


102 


101 


99 


101 


1904 


100 


101 


101 


99 


101 


2004 


100 


101 


101 


99 


101 


2104 


100 


101 


101 


99 


101 


2194 


100 


101 


101 


99 


101 



Optical Properties - Absorptance & Emittance 



Each of the sputtered films were evaluated for absorptance and emittance properties 
for comparison versus pure silver and pure gold. Pure silver and pure gold are employed in 
architectural, aerospace and automotive glass applications, so these properties were of 
interest. The tests were conducted using standard ASTM tests on unprotected films in the as- 
sputtered and after environmental testing. The results are shown in Tables 2 and 3. The 
following standards were used: 



Solar absorptance measurements: E903 

Emittance measurements: E408 

Environmental aging tests: D1 735 

Adhesion tests: D3359 
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Table 2. Absorptance, Emittance & Adhesion 



Metal/Alloy 
(weight %) 


Solar 

Absorptance 


Emittance 


Adhesion 


Alloy of the 

Present 

Invention 


.10 


.04 


Good very 

slight 

removal 


85%Ag- 
15%Au 


.07 


.04 


Good 


93%Ag- 
7%Pd 


.06 


.05 


Good 


Pure Au 
99.95% 


.19 


.06 


Good 


Pure Ag 
99.95% 


.03 


.03 


OK 



Table 3. Absorptance. Emittance & Adhesion After Aging 



IVIetal/Alloy 
(weight %) 


Solar 

Absorptance 


Emittance 


Adhesion 


Alloy of the 

Present 

Invention 


.11 


.05 


Good very 

slight 

removal 


85%Ag- 
15%Au 


.06 


.04 


Good 


93%Ag- 
7%Pd 


.09 


.05 


Good 


Pure Au 
99.95% 


.20 


.06 


Good 


Pure Ag 
99.95% 


.05 


.03 


OK 



Electrical Properties 

Sputter Rate and Sheet Resistance 

Silver alloys are employed in transparent conductive films due to their excellent 
conductivity. Typically the silver layers are part of an oxide-metal-oxide film stack to optimize 
the optical properties and isolate the metal film. Table 4 provides the sheet resistance values 
for each of alloys tested and compared to gold and silver standards. The targets were 
sputtered with a 4 kW power supply that provided an average power density of 44 W/in^. All 
materials were sputtered in an argon atmosphere with a flow rate of 250 seem at a sputtering 
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pressure of 1 .0 x 10'^ torr. Note that the films were thick; on the order of 1 500 A. This was 
done to provide good average sputter rates and also to eliminate substrate effect for sheet 
resistance measurements. A thicker coating would also provide more interfacial stress in the 
film and make the adhesion test more relevant. 



Table 4. Sputter Rate and Sheet Resistance 



Metal/Alloy 
(weight %) 


Nominal 
Thickness 
(A) 


Sputter 

Rate 
(A/sec.) 


Sheet 
Resistance 
(Clin) 


Alloy of the 

Present 

Invention 


1425 


194 


.55 


85%Ag- 
15%Au 


1454 


215 


.60 


93%Ag.7%Pd 


1533 


233 


.45 


Pure Au 
99.95% 


1584 


174 


.60 


Pure Ag 
99.95% 


1344 


232 


.32 



The results show that the alloy coating of the present invention replaces more 
expensive or less corrosion resistant materials in some applications. The properties for the 
alloy of the present invention in several key areas of interest to the thin film engineer show 
good concurrence with the ranges of the more expensive materials. 

The preceding examples can be repeated with similar success by substituting the 
generically or specifically described reactants and/or operating conditions of this invention for 
those used in the preceding examples. 

Although the invention has been described in detail with particular reference to these 
preferred embodiments, other embodiments can achieve the same results. Variations and 
modifications of the present invention will be obvious to those skilled in the art and it is 
intended to cover all such modifications and equivalents. The entire disclosures of all 
references, applications, patents, and publications cited above, and of the corresponding 
application(s), are hereby incorporated by reference. 



